Introduction vance the concentration profile and how TN (2) varies
In the last three years, considerable progress has been made in the understanding of random magnetic systems, both from theoretical and experimental points of view. We confine ourselves to the static and dynamic critical behavior of random systems which exhibit long range order below the magnetic phase transition -in particular, the Random Exchange (REIM) and Random Field (RFIM) Ising Model systems [I] .
In the main, the experimentally realizable REIM and RFIM systems all turn out to be randomly diluted, uniaxial antiferromagnets, in which a uniform, external field H, applied colinearly with the spontaneous ordering direction, generates a random field HRF, as was first predicted by Fishman and Aharony [2] . With dilution governing the degree of randomness in the exchange, and the strength of HRF a function of the dilution and H, one may externally control the region of reduced temperature in which crossover from pure Ising to REIM and the crossover from REIM ( H = 0) to RFIM (H # 0 ) take place. Since the pure Ising, REIM and RFIM systems each represent different universality classes, the scaling properties associated with the crossover between any of the three is of special interest, as are the critical exponents and amplitudes.
Effects of concentration gradients
The experimental situation, with respect to the critical behavior of random magnets, has been clouded by uncertainties arising from the existence of concentration gradients in any two component system. For example, we will have recourse to discuss the prototype d = 3, REIM and RFIM system Fe,Znl-,Fz. If the concentration x varied in a macroscopic (nonrandom) manner in a given crystal, then the ordering temperature TN would be position dependent. Any thermodynamic measurement (e.g. magnetic specific heat C,) will be difficult to interpret unless one knows in adwith z.
A method has been developed to characterize the concentration gradient in an optically anisotropic, mixed crystal [3] . It utilizes the room temperature optical birefringence technique combined with laser scanning profiles of the crystal. The effects such inhomogeneities have on the critical behavior were explicitly determined by computer simulations of the anomaly in C, and the quasielastic neutron scattering line profile in the REIM system Mo 1tlP) and corresponding amplitude ratios. Those that we judge to be the most accurate are collected in table I. Examples used to determine y and P in Fe,Znl-,F2 are shown in figures 2 and 3, respectivfely, in which particular attention was paid to using an extremely homogeneously random crystal. Theoretical predictions [9, 101 of the exponents for d = 3 REIM universality class are also given in table I, where it is seen the agreement with experiment in each case is quite good. Unfortunately, critical amplitude ratios have only been calculated in the "one-loop" approxi- mation [ll] and, in the case of C,, the latter fails to give even the correct sign. Clearly, this is an area requiring more extensive theoretical consideration. d = 2. -Experimental studies have been made on the Rb2Co,Mgl-,F4 REIM system. Some questions [12, 131 exist whether there is a new fixed point in the d = 2 REIM problem or rather that logarithmic corrections should be applied to the pure d = 2 Ising model. Within the rather limited experimental accuracy on these generally poorer quality crystals, all of the observed critical exponents [14, [6] 0.69 f 0.01 [7] 1.31 f 0.03 [7] 0.350 f 0.009 [8] 1.7f0.1 [6] 1.45 f 0.04 [q
Crossover behavior Two crossover behaviors have been studied experimentally in connection with the d = 3 REIM and RFIM systems: 1) pure Ising to REIM and 2) REIM to RFIM. In principle, there is a third -pure Ising to RFIM -but there is, as yet, no system in which it has been evidenced, although some have claimed otherwise; see discussion in [4] .
Pure Ising to REIM. -It had been thought [I91 the reduced crossover temperature t,, which separated the asymptotic Ising and REIM critical behavior regions ' would scale with the randomness A J in the exchange J as t,, -(A J/J)'/~ , with a = 0.11, the pure Ising specific heat exponent. Since A J/ J --x (1 -x) and a is so small, one would not expect the crossover to be manifest (i.e. t,, > until z was quite small (i.e.
x < 0.6). Instead, there is overwhelming evidence that the crossover is virtually complete for x < 0.9. This conclusion follows from recent Mossbauer Effect studies [8] of the magnetization exponent ,6 but was already implicit in the early birefringence and neutron scattering measurements of the REIM critical exponents. It is now believed [20] REIM-RFIM. -One of the earliest [2] and most interesting predictions associated with the RFIM problem was that related to crossover behavior. Apart from a mean-field correction, the shift in the ordering temperature Tc (H) should scale with the field as [25] . In addition, in the Mn,Znl-,Fa system it has been found 1261 that 4 = 1.43 f 0.03, independent of x in the range 0.4 5 x 5 0.8. Thus 4 is universal in that it is system and dilution independent. This puts to rest a long standing controversy on the nature of the crossover, the origin of which is now traceable to misinterpretations of just where PC (H) occurs as a function of H in crystals with unknown or uncharacerized concentration gradients (see Ref. [4] ).
An interesting achievement of one crossover study was the first measurement of nonlinear susceptibility of a REIM system [25] . One expects [21] that X,I --1tl7' , fects first set in. So extreme is this that experiments normally thought of a "static" (e.g. several minutes per point) exhibit non-equilibrium dynamical effects near T, ( H ) . Thus the dynamics is easy to see but difficult to measure quantitatively, since small changes must be measured over very wide frequency (or time) ranges. Conversely, the range of "static" RFIM behavior is severely limited by the dynamics, and may preclude accurate determination of RFIM exponents. For this reason we begin by discussing dynamics before statics.
Fisher has argued that the dominant slow fluctuations of scale [ will occur on exponentially long time scales: i.e. the dynamic scaling is on logarithmic time scales rather than with a single characteristic relaxation time, leading to scaling functions such as the one for the specific heat C, --Itl-" f (ln w/[' ) . At the unusual value of zv -14 was found: (See Fig. 6 ).
But the data are equally well fit by the "activated" scaling form [28] , which leads to t* (w) T in the RFIM system [32] . Studies were made of (6M/6T), and (SM/C?H)~ , between 0.2 and 1.9 Tesla, on a Fe0.47Zn0.~~F2 crystal. In the RFIM limit, it was shown that (6M/6T), and (SMIGH), diverge as H Y In It1 , as does Cm, but with significantly different exponents y 1 ! 0.6 and y = 1.0, respectively, confirming field scaling predictions. But even in these quasistatic measurements the dynamic rounding results in a t* E 1 x at H = 1.0 Tesla. If one extrapolates the conventional dynamic scaling fits of (w) with zv = 14 to the time scale of these measurements (w -117 -1/100 set-I), one finds good agreement with both t* 1 ! 1 x and the peak value of the FR, measured at the same field. A similar extrapolation using the activated scaling form agrees satisfactorily with the FR data, provided B -1. Thus, even with a combined range in w of 6 decades from the two experiments, one can not determine which form yields the better fit to the data.
BIREFRINGENCE. -An analysis of birefringence data, on the same sample used in the (w) experiments, yields a value for t* -1 x in agreement with the FR results [22] . In addition, the field scaling of d (An) /dT -C, has been studied. As a consequence of the REIM to RFIM crossover, the field dependence of the static scaling is introduced into the dynamic scaling 1261. The strony static HY dependence of the peak height and H~ depend5nce of t* swamp the weak log H dynamic dependence of these quantities, and the entire shape of the peaks appears to be described by static scaling alone. The amplitude HY has been shown [32] to contain two terms, with y = 0.13 and 1.56. Experiments on Mn0.56Zn0.4~F2 [26] and Feo.6Zno.4F2 [22] agree with the y = 0.13 expected in low H and show, in addition, rounding of the transition by concentration gradients must also be considered [26] : (See Fig. 7 ). Higher-field data on Feo.6Zno.4F2 [22] can be fit only when the expected y = 1.56 term is included.
V. Jaccan'no et al. in the order-parameter fluctuations has been observed using quasielastic neutron scattering in the same crystal of Feo.46Zno.64Fz [33] . Unusual behavior is seen in the temperature dependence of the intensity I (q) at the antiferromagnetic Bragg peak position, I(1,0,0) .
A peak in I (q) occurs near Tc (H) , for H = 1.5,1.9, and 3.0 T, whose width W (H) scales as H~/', as would be expected from RFIM dynamical crossover scaling, (as do Tc (H) and T,, (H)), as shown in figure 8 . Fig. 9. -Inset: 1(1, 0, 0) vs. T at H = 1.9 T for two different scan rates. Main figure: 1(1, 0, 0) at T = 33.81 K and T = 33.755 K at H = 1.9 T, and T = 32.10 K at H = 3.0 T vs. the time t following a special ZFC procedure, on a semilogarithmic scale. The two values of temperature at H = 1.9 T are as indicated in the inset 1331.
More direct evidence for the extreme critical slowing down of the order-parameter fluctuations is seen in two ZFC experiments illustrated in figure 9 . In the inset, the height of the peak in 1(1, 0, 0) near Tc (H) is found to be greater when measurements are taken more slowly. In the main figure, the sample was cooled in H = 0 to the temperature indicated, then H raised to the designated value as quickly as possible, and then counting begun. In all cases, a nearly logarithmic increase in counting rate was observed over a 30-lo4 sec time domain [33] .
STATICS. -From the birefringence studies it is known that cr = 0.00 f 0.03, A/A1 c= 1 [29] . Except for the preliminary results of an earlier study of the Feo.eZno.rF2 crystal [34] there has been no attempt to accurately determine the static d = 3 RFIM critical exponents v, 7 and p associated with this new universality class. The exponents v and y and the correlation function exponent q must be obtained from an interpretation of the quasi-elastic neutron scattering I (9). However, no rigorous theory exists for I (q) in the RFIM problem. Instead it has generally been assumed that I (q) can be described by a Lorentzian (L) plus Lorentzian-squared (LSQ) form, on the basis of mean field arguments. The measurements of reference [34] assumed this to be the case and it was determined that v = 1.0f 0 . 1 5 ,~ = 1.75f 0.20 and q = 1/4.
Recently it has been found that, close to Tc (H) , I (q) can not be fit by the L + LSQ form 1331. Since the values of v, T and q are sensitive to the assumed form of I (q) , considerable uncertainity in these quantities will remain until new theoretical insight is obtained.
Other than Monte Carlo (MC) simulations, no theoretical predictions of any of the RFIM exponents exist. From the MC results values of v = 1.0 f 0.1, y = 2.025 0.5, q = 0.5f 0.1 and i j = 0.9f 0.1 have been obtained [35] . The quantity + is the disconnected staggered susceptibility exponent; xdiS -t2-i. Only one generally agreed upon relation exists and that is the Schwartz inequality; 2 (v -1) 2 7j 2 -1 [36] . Various new RFIM scaling forms have been proposed [28] , including the modified hyperscaling relation (d -0) v = 2 -a and 8 = v-7j a n d p = v(l+fj)/2. Exponents derived from the use of these new relations should not be regarded with the same certainty as those directly obtained from the MC simulation.
The (staggered) magnetization exponent P is espe cially interesting, since it is predicted to change from 0.35 (REIM) to possibly as low as 0.05 (RFIM) [35] . A measurement by capacitance and dilation techniques [37] yields a bound P 5 1/8, confirming a large change does occur.
